ABSTRACT: The accuracy of the latex agglutination-based BIONOR Mono-kits for the rapid detection of different bacterial fish pathogens was evaluated. In addition, the usefulness of these commercial kits was compared with that of conventional slide agglutination techniques using specific monovalent antisera. The Mono-Yr (for detection of Yersinia ruckeri] and Mono-Va (for Vibrio anguillarum) kits specifically detected the isolates belonging to the serotypes included in the kit's composition (serotypes 01, 0 2 , and 0 3 of each species). Moreover, the Mono-Va kit was also able to detect some strains of the environmental serotypes of v anguillarurn ( 0 4 , 0 5 , and 0 7 ) The Mono-Pp kit (against Pasteurella pisncida) reacted with all the P. piscicida strains included In this study, with no cross-reactions with other bacterial groups. However, non-specific agglutinations were observed in both, test and negative control reagents, when isolates of V. splendidus or motile Aeromonas were analyzed with the Mono-Va and between some clinical members of the Pasteurellaceae family and the Mono-Pp. The kit for detection of Renibacterium salmoninarum (Mono-Rs) recognized all the strains possessing the predominant p57 antigen, but failed to agglutinate some isolates lacking this surface protein in their cell envelopes. These findings indicate that, although the BIONOR Mono-kits can be easily improved (i.e. including more antigens in heterogeneous groups, changing the inert protein in some of the kits, etc), they are applicable for a rapid screening of the fish pathogens studied. In addition, the kits present an adequate cost-effectiveness ratio, with a simple test performance and interpretation, which make easy their use by aquaculture facilities and laboratories.
INTRODUCTION
Serological procedures, in particular agglutination tests, have been developed in recent years in response to the need for rapid tools for disease diagnosis in aquaculture. With these techniques, not only has the time required for recognition of many of the major infectious diseases been reduced from days to hours, but also the accuracy of diagnosis has been increased.
Since the introduction of a simple slide agglutination test for the identification of Aeromonas salmonicida by Rabb et al. (1964) , this procedure has been applied to a 'Addressee for correspondence great number of bacterial fish pathogens with few problems of cross-reactivity (Eurell et al. 1979 , Toranzo et al. 1987a ). However, the appearance of autoagglutinating strains has reduced the use of the slide agglutination tests in some bacterial species. The use of latex agglutination procedures (McCarthy 1975) has solved this problem, enabling the identification of smooth and autoagglutinating strains.
Recently, a Norwegian diagnostic company (BIO-NOR AS) developed latex agglutination kits (Monokits) for the rapid detection of several fish pathogens with the aim of avoiding the fairly laborious and timeconsuming classical methods for diagnosis of fish diseases and to facilitate the identification of pathogens in the held.
The purpose of this study was to evaluate the specificity and sensitivity of these Mono-kits in the detection of some important pathogens causing disease problems in continental and marine aquaculture over the world, namely Yersinia ruckeri, Vibrio anguillarum. Pasteilrella piscicida and Renibacterium salmoninarum. In addition, the usefulness of these commercial kits was compared l a t h that of conventional slide agglutination techniques using specific antisera produced in our laboratory.
MATERIALS AND METHODS
Bacterial strains. To evaluate the accuracy of the 4 BIONOR Mono-kits, a collection of 85 strains from 4 bacterial species pathogenic for fish, with different geographical origin and host specles, and representative of the different serotypes within each species, were employed. Accordingly, this study included 25 Yersinia rucken isolates, 26 Vibrio anguillarum isolates, 18 Pasteurella piscicida strains, and 16 Renibacterium salmoninarum isolates. The identity of each isolate was confirmed with standard biochemical procedures (Toranzo et al. 198713, Fouz et al. 1990 , RomaIde et al. 1990 , Romalde & Toranzo 1991 , Magarifios et al. 1992 ). In addition, in order to assess the specificity of the detection kits, 52 isolates belonging to species taxonomically related to those cited above were also utilized: Yersinia intermedia, Y. kristensenii, Y. enterocolitica, Vibrio ordalii, V. tubiashii, V. damsela, V. splendidus, V. pelagius, Aeromonas hydrophila, A. sobria, A. caviae, A. salmonicida subsp. salmonicida, atypical A. salmonicida, Pasteurella multocida, P. haemolytica Representatives of Yersinia and Aeromonas genera were routinely grown in tryptic soy agar (TSA; Difco Lab., Detroit, MI, USA). For the culture of the halophilic Vibrio species and Pasfeurella piscicida strains this medium was supplemented with 1 % (wt/vol) NaCl. With the exception of Renibacterium salmoninarum, the remaining strains were cultured in Blood Agar (bioMerieux, Madrid, Spain). The incubation was conducted at 22 or 37°C (depending on the strain) over 24 to 48 h. In the case of the fastidious R. salmoninarum strains, Mueller-Hinton agar (Difco) supplemented with 1 % (wt/vol) cysteine (MH-C) was employed, being incubated at 15OC for at least 15 d . Stock cultures of the strains were maintained at -70°C in appropriate media with 15% (vol/vol) glycerol.
Detection systems. BIONOR Mono-kits: These kits utilize latex particles coated with specific polyvalent sheep antisera against various bacterial pathogens such as Yersinia ruckeri (Mono-Ys), Vibrio anguillarum (Mono-Va), Pasteurella piscicida (Mono-Pp), and Renibacterium salmoninarum (Mono-Rs). Mono-Yr and Mono-Va include antisera against 3 strains from the main pathogenic serotypes ( 0 1 , 0 2 and 0 3 ) of each species. In the kits Mono-Pp and Mono-Rs, the latex particles are coated with the serum raised against a single strain of the respective species. When incubated with microorganisms obtained from a pure culture, the specific antiserum bind to the organism, resulting in a n agglutination of the latex particles and thus providing the identity of the bacterial culture. The kits also contain a negative control reagent consisting of monodispersed latex particles coated with non-specific protein.
Kits were used following the manufacturer's instructions. Positive results were recorded only if clear agglutination was seen within 30 S after mixing the test reagent with the bacteria and if no reaction was observed with the negative control reagent. To estimate the sensitivity of these commercial kits, 10-fold serial dilutions of the antigen preparations were made and the detection limit was expressed as number of bacteria ml-' needed to obtain agglutination.
Conventional slide agglutination tests: Selected strains of Yersinia ruckeri, Vibrio anguillarum, Pasteurella piscicida and Renibactenm salmoninarum were employed as antigens for immunization. The isolates chosen on the basis of the serological heterogeneity of the bacterial species were: Y. ruckeri 11.4 (serotype O l ) , 11.29 (serotype 0 2 ) and 1533/87 (serotype 0 3 ) ; V anguillarum R 82 (serotype O l ) , RV 22 (serotype 0 2 ) and ATCC 43307 (serotype 03); P. piscicida D1 21; R. salmoninarum ATCC 33209 (possessing the p57 antigen) and R 1 (lacking the p57 surface protein) (Tables 1 to 4 ) .
Immunization was performed following basically the procedures of Toranzo et al. (1987b) . Briefly, suspensions of formalin-killed bacteria (approximately 10' cells ml-') were injected intravenously in New Zealand rabbits in consecutive daily doses of 0.25, 0.5, 1.0, and 2 m1 followed by a single 1.5 m1 injection 2 wk later. One week after the last injection, the rabbits were bled by cardiac puncture. Blood was allowed to clot and the separated sera were stored at -30°C until used.
Agglutination assays were performed by mixing a drop of bactenal suspension of about 10q cells ml-' (antigen preparations) with a drop of antlserum. A distinct agglutination in 30 S. was registered as positive, and a weak agglutination after 5 min was considered as a negative test. Controls were made with saline and serum from non immunized rabbits. Sensitivity was determined as above.
Somatic '0' antigens were prepared as previously duced in our laboratory are compiled in Tables l to 4 . described (Toranzo et al. 1987b ) by heating the bacterThe effectiveness achieved by each kit in the detection ial suspensions at 100°C for 1 h and the agglutination of the different pathogens, as well as their sensitivities results obtained compared with those of whole cell are described below. preparations.
Yersinia ruckeri

RESULTS
The Mono-Yr kit (containing particles coated with The results obtained in the comparative study of antisera against the classical serotypes 01, 0 2 and 0 3 ) accuracy between the Mono-kits and the conventional detected all the strains belonging to serotypes 01 a n d slide agglutination test using specific antisera pro-0 3 using 24 h cultures (Table 1) . With the exception of 
PP-31 0 1 Rainbow trout, Spain
AG-71 0 1 Rainbow trout, Spain aCross-reaction between serotypes 0 1 and 0 2 of Y. ruckeri when whole cell antigens were employed. These cross-reactions were eliminated using the somatic ,O' antlgens the strain RS2, the kit also showed positive results with the serotype 0 2 strains, but to obtain a clear reaction it was necessary to subculture the colonies or to perform the tests with 48 h cultures (data not shown). As expected, on the basis of its composition, the kit was unable to detect Yersinia ruckeri strains of serotypes 0 5 and 0 6 . On the other hand, sensitivity assays showed that a minimum concentration of 10' bacteria ml-l is needed in the reaction to get a positive agglutination.
Regarding the conventional slide agglutination test using specific antisera, both anti-serotype 0 1 and antiserotype 0 3 reacted with all the strains belonging to these 2 serotypes ( Table 1 ). The anti-serotype 0 2 serum detected only the isolates of this serotype. In addition, some cross-reactions were observed among serotypes 0 1 and 0 2 when whole cell preparations were used as antigen, but not with the somatic ' 0 ' antigens (data not shown). The detection limit of the rabbit sera anti-Yersinia ruckeri was 107 cells ml-' (Table 1) .
No cross-reactivity with other environmental and clinical Yersinia species or with other fish pathogens such as Vibrio anguillarum and motile aeromonads was detected by any of the procedures utilized, BIONOR Mono-kits or slide agglutination test.
Vibrio anguillarum
As in the case of Yersinia ruckeri, this Mono-Va kit contains latex particles coated wlth antisera against serotypes 0 1 , 0 2 and 0 3 of Vibrio anguillarum. Therefore, the kit was highly effective for the detection of strains of these 3 serotypes. Moreover, it was able to react with some strains of V. anguillarum belonging to the environmental serotypes 0 4 , 0 5 and 0 7 (Table 2) . Non-specific agglutinations occurred in both test and control reagents when Vibrio splendidus and motile Aeromonas strains were tested, but not tvith other Vibrio species like V damsela or V. pelagius. However, no cross-reactions were observed with other related fish pathogens such as Pasteurella piscicida or Aeromonas salmonicida. No differences were observed in the results obtained after 24 or 48 h of incubation.
The 3 monovalent antisera (against serotypes 01, 0 2 and 0 3 ) eniployed in the slide agglutination tests, detected specifically the isolates belonging to the homologous serotype. No cross-reactivity was observed with other serotypes of Vibrio angtlillarum or with different species of the genera Vibno and Aeromonas ( Table 2) .
The sensitivity assays showed, as in the case of Yersinia ruckeri, a difference of about 1 to 2 log units among the titers obtained with the Mono-Va kit and those yielded by our specific antisera. Thus, a bacterial concentration of 10\ells ml-' was needed to obtain a positive reaction tvith the latex particles while 107 bacteria ml-' was enough to obtain agglutination with the rabbit antisera ( Table 2) .
Pasteurella piscicida
The Mono-Pp kit was able to identify all the Pasteurella piscicida strains included in this study (Table 3) . Cross-reactions with representative isolates of related species such as Vibrio anguillarum or Aeromonas salmonicida were not detected. Interestingly, although other members of the family Pasteurellaceae did not react with the test reagent, some non-specific agglutinations were elicited for Pasteurella multocida, Haemophilus parasuis and Actinobacillus pleuropnemoniae strains when the nega- Autoagglutination Au toagglu tination ml-' when the rabbit antiserum was employed (Table 3) .
Renibacterium salmoninarum
A similar pattern was observed using the Mono-kit and the conventional slide agglutination test with antiRenibacterium salmoninarum ATCC 33209 (typical strain possessing intact p57 antigen), detecting the majority of R. salmoninarum isolates. However, both tests failed to agglutinate 3 strains of this bacterial species that lacked the p57 surface protein, namely RI, K57 and K76 (Table 4) . Interestingly, our antiserum raised against R1 strain only detected these 3 isolates.
On the other hand, independently of the procedure performed, no cross-reactions were seen with other Gram-positive pathogens belonging to Corynebacterium species and the group of lactic acid bacteria.
As for the other fish pathogens included in this work, differences in sensitivity of about l log unit were observed between the Mono-kit and the specific rabbit antisera (Table 4 ) .
DISCUSSION
The development of serological procedures in the last decades has been associated with major advances in practically all facets of fish health (Schill et al. 1989 ). (Kusser et al. 1988) . Yersinia ruckeri, the causal agent of Enteric Redmouth (ERM) disease, was initially considered an homogeneous bacterial group (Ewing et al. 1978 , O'Leary e t al. 1979 . Soon, serological variations among strains were demonstrated and 5 serotypes were established (O'Leary et al. 1982 , Stevenson & Airdrie 1984 , DeGrandis et al. 1988 , Davies & Frerichs 1989 . The Mono-Yr kit contains latex particles coated with antisera against the classical serotypes 0 1 , 0 2 a n d 0 3 which have been mainly associated with the disease outbreaks. Further studies [Romalde e t al. 1993 ) made possible updates in the serological classification of Y ruckeri. Thus, the former serotypes 0 1 and 0 3 were joined into a new serotype 0 1 , and the former serotype 0 2 was divided into 3 subgroups (2a, 2b, and 2c). The results obtained here with our specific monovalent antisera raised against represen.tatives of the old serotypes 0 1 , 0 2 and 0 3 supported the new scheme previously reported by the authors .
The Mono-Yr kit, as expected, detected all the isolates of the former serotypes 0 1 a n d 0 3 . However, and d u e to the serological heterogeneity demonstrated within the former serotype 0 2 , some of the representatives of this serotype, particularly those belonging to the subgroup 0 2 a , did not react with the latex particles. This fact does not constitute major problems, since isolates of t h~s serological group are very scarce and their relation to fish mortalit~es and/or disease outbreaks is unclear For Vibrio anguillarum, 10 serotypes ( 0 1 to 0 1 0 ) are d e f~n e d in the European serotyping scheme (Sorensen & Larsen 1986), but only serotypes 0 1 , 0 2 and 0 3 have been associated with fish mortalities . Members of the remaining serotypes have been considered environmental strains without pathogenic importance. These environmental serotypes are closely related to other Vibrio species such as V. splendidus and V pelagius (Pazos et al. 1993) . The results obtained with the Mono-Va kit revealed a good specificity for the pathogen1.c serotypes 0 1 , 0 2 and 0 3 . In addition, the detection of some of the environmental serotvpes ( 0 4 , 0 5 and 0 7 ) can be explained by the presence of common minor antigens among these serogroups (Bolinches et al. 1990 ). On the other hand, some reactions were observed when members of V.
splendidus and motile Aerornonas were assessed with both test and negative control reagents, even after being subcultured and re-tested 2 d later following the kit instructions. The appearance of these agglutinalions, however, fits better (according to the manufacturer's description) with a positive agglutination than with spontaneous agglutination. Therefore, they can be due to non-specific agglutination to the inert protein and/or latex particles. The option of cross-reactivity between related groups with common antigens, although possible in this case, should be ruled out since agglutination also occurred with the negative control reagent.
In contrast, using the conventional slide agglutination test and our monovalent Vibrio anguillarum antisera, no cross-reactions were observed either with environmental serotypes of this species (from 0 1 to 0 1 0 ) or with other Vibno and Aeromonas species.
In contrast to the 2 pathogens already mentioned ( Yersinia ruckeri and Vibrio anguillarum], Pasteurella piscicida is a highly homogeneous group, without different serogroups (Magarinos et al. 1992) . T h~s homogeneity also contrasts with the serological heterogeneity described for other members of the family Pasteurellaceae such as P. multocida and P. haemolytica (Rlberstein 1978 , Hofacre & Glisson 1986 ). Consequently, the Mono-Pp kit exhibited a great specificity for the detection of P. piscicida strains with no crossreactions with other bacterial groups. However, ayglutinations were displayed only by the negative control reagent when other members of the family such as P. multocida, Haemophilus parasuis and Actinobacillus pleuropneumoniae were tested. This fact could be explained by certain reactivity among the inert control protein and these bacterial species. On the other hand, the rabbit serum against the Spanish isolate DI-21 specifically detected all the P. piscicida strains w1thou.t problems of cross-reactions with the other species studied.
The major Renibacterium salmoninarum antigen detected in fish sera and tissues in monitoring programs is a protein of 57 kd . This protein can be found as the predominant antigen in both, cell surface and extracellular products (Wiens & Kaattari 1989) . However, instability of this proteln has been recently described due to a possible autolytic nature and the existence of a serin protease activity associated with the cell surface
